
.

K
m
<
@

copy 225.
RMA57A25

.

.

LATERAL- DIRECTIONAL AERODYNAMIC CHARACTERISTICS

SEVERAL COPLANAR TRIPLE-BODY MISSILE

CONFIGURATIONS AT MACH NUMBERS

FROM 0.6 TO 1.4

By Stuart L. ‘Ikeon and Earl D. Knechtel

Ames Aeronautical
Field,

Laboratory
Calti.

cL&9mEn D3CUMENT

l%m matarinl COntaM Information &ffecnng * NatIOllal DJfensa Oi thn Unttad Slntw Wiudrl b IE3*
of tba esplonao laws, Title W, U.S.C., S8ca. 7S4 ml 794. tin trammlsaionarrewlatfcaofwhfch lnaw
—rtoeumsntbrhdrarsmin protdMteilT 1-.

NATIONAL ADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON

April 10, 1957

.

.

,

.

.

—--- —. ——— — —



—

●

......... xw..h?!~lq~,,... ,.. . ........ ............... . . “.

,,, . .. . l--w........,
MACE lit U! I icK;{ ..... ...... ......... ................,.........-

:.’ LKi:iG CHP.NG!)

...r.)?a. 4[,.......
L’*. T;

.-
.=

-. .=

..-— —

.

..
-=

,-, !.-..-!.. -, .::.,-.



NACA RM A57A2!5 h~
,

NATIOIWJADVISORYCOMMITTEHFOR

RESEARCHmowmm

AERONAUTICS

JXPERAL-DIRECTIONAL AERODYNAMICCHARACTERISTICS(1?
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CONFIGUWTIONS AT MACHIWMWJIS

FROM0.6 to 1.4

By Stuart L. T&eon and Earl D. Knechtel

SUMMARY

An experimental investigation was conducted to determine the
lateral-directional aerodynamic characteristics at transonic speeds of
missile configurations having three blunted cone-cylinder bodies.
Modifications of the basic model were tested to determine the effects
of relative lengths of the bodies as well as the effects of seals
between the cylindrical parts of the bodies. Cross-wind force, drag,
yawing moment, and rolling moment were measured through a sideslip-
smgle rsmge from -8° to +8° at selected angles of attackup to @ for
ten Mach numbers from 0.6 to 1.4 end at a constsnt Reynolds nmber”of
5.5x10* based on average body length.

The results of the investigation indicate that all models tested
had lateral centers of pressure located far ahead of the centroid of
plan-form area and farther forward than the corresponding centers of
lift previously determined (NACA RMA56H31) for these codigurathns.
The lateral.centers of pressure tended to move forward with an increase
in Mach nmiber from 0.6 to 1.2, then rearward with further increase in
Mach number. Cross-wind-force psrameter tended to become more negative
with increasing Mach number, this effect becoming more pronounced with
increased angle of sideslip and angle of attack. All models were found
to have a positive dihedral effect, which increased tith angle of attack
but was relatively less sffected by changes in Mach number or angle of
sideslip.

For triple-body configurations having the ssme average body length,
the effects of changes in the relative lengths of the bdies were
generally insigificsnt with respect to tinelateral-directional charac-
teristics. Sealing the gap between bodies generally tended to cause a
slight resrwsrd shift in the lateral center of pressure and an increase
in positive dihedral effect.
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Comparison of experimental results with available theory indicates
that, when flow interference is neglected, slender-body theory or a
combination of slender-body and viscous crossflow theory greatly over-
estimates the magnitudes of both cross-wind force and yawing moment.

INTRODUCTION

Resesrch interest in the long-range ballistic-type missile has
been concentrated in the past on fin-stabilized, tandem-mounted, multf--
stage rocket configurations. Further consideration of this research
problem, however, has indicated a possible alternate solution consisting
of the latersl-staging sznrangementof pardl.el bodies as discussed in
references 1 and 2.

—

This report is concerned with the lateral-directional character-
istics at trsnsonic speeds of some of the triple-bcdy configurations for
which the longitudinal characteristics were presented in reference 1.
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NOTATION

cross-wind force coefficient, cross-wind force
C@

drag coefficient,%

rolling-moment coefficient about sxis of center body,

b

“

,rold.ingmoment
qSd

yawing-moment coefficient about point 6.32 inches ahead of base of

center body, yawing moment
qSd

body dismeter

free-stream Mach number

free-stream dynsmic pressure

total base ~ea of model,

angle of attack, deg

angle of sideslip, deg

exclusive of seals
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Model Designations

1 coplsnsr bodies of eqti length

2 coplanar bodies, center body short

3 coplsnar b~ies, center bcdy long

s sesls between cylintiical bodies

APPARATUS AND MODELS

This investigation was conducted in the Ames 2- by 2-foot transonic
wind.tunnel described in reference 3. The ventilated test section of
this facility allows continuous, choke-free operation to Mach number 1.4.

The dimensions of the six configurations of this investigation are
shown in figure 1. Each had three parallel, coplanar b~ies ccmprised of
cone-cylinders 1.50 inches in diameter, connected by modified-wedge struts
across the O.IO-inch gap between the cylindrical portions of the bodies.
The Identical nose cones were derived frcm a basic cone having a length-
to-diameter ratio of 4, which was blunted by truncating 20 percent of the
nose length and rounding off to a hemispherical nose, in accordance with
the results of recent investigations of drag and aerodynamic heating of
cone-cylinders (refs. 4 smd 5). Models 1, 2, and 3 differed b nose
arrsmgement, or relative lengths of the three bcilies,while average body
length, total.volume, and surface sxea were held constant. A correspond-
ing set, models Ls, 2S, and 3S, had Seals between the cylin~ie~ b~ies”
The models were mounted in the test section on a sting-supported internal
strain-gage bslance as shown in figure 2.

TESTS AND DATA REDUCTION

Cross-wind force, drag, yawing moment, and rolling moment were mea-
sured through a sidesl.iprange from -@ to +@ and at ten Mach numbers
from 0.6 to 1.4 at constant angles of attack. The sngles of attack of
the investigation were 0° for configurations lj 2Z 3S ~d MY 4° for ~
six configurations, end 8° for configurations 1 and l.s. A Reyaolds number
of 5.5xl&, based on average body length, was maintained throughout the
tests.

The force coefficients were referred to the wind axes and were based
on the total model base area. The qmnent coefficients were referred to
the stability axes and were based on the total model base area and the
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F
base diameter of one body. The moment reference point was located at the
centroid of plan-form area of configuration 1 (6.32 inches ahead of base)
in the horizontal plsme of symmetry. Angles of attack were referred to w—

the common @ane of the body axes and sngles of sideslip were referred to
the model vertical plane of symmetry.

Corrections were applied to (1) the sngles of attack and sideslip
to account for deflections of the sting and balance resulting from static
aerodynamic loads, (2) the drag to adjust for the difference between the
measured model base pressures and free-stream static pressure, smd (3)
the yawing moment to account for differences between the base pressures

—

of the leading and trailing bodies.

Subsonic wall-interference corrections calculated according to the
method of reference 6 were found to be small enough to neglect for the
present case, in which the ratio of model-to-tunnel cross-sectional mea
was approximately 0.009. No corrections were made for the effects of
reflected shock waves at low supersmic speeds. Corrections for drag
buoyancy and air-stremn angularity were unnecessary, since they were
lmown to be less than the probable errors in measuring drag and angle of

—

attack, respectively.

Apart from the possible systematic errors caused by neglecting the ●

aforementioned corrections, the data are considered to be repeatable
within the follow= random errors of measurement as determined by a
root-mean-square analysis of the data scatter:

Representative

M *o. 003

a *O. 030

P *o. 030

cc *o. 040

~ *0.008

cl *0.012

~ +0.13

RESULTS

basic data

MD DISCUSSION

plots are shown only for the three

“

.—

unsealed configurations at three-of the ten test Mach numbers, since the
results d the present investigation indicated that the shapes of the
basic force and moment curves were not greatly influenced by changes in

.

.
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Mach number or by addition of’sesls between the cylindrical bodies. These
typical results (fig. 3) indicate the variations of cross-wind force,
foredrag, yawing moment, end rolling moment with sideslip angle at Mach
numbers of 0.60, 0.98, and l.~ and at sngles of attack of 0°, 4°, and &’.
A better comparison of the effects of configuration geometry snd of Mach
number is provided by the small but definite changes in the slopes of the
basic force and moment curves. For this purpose, there are presented in
figures 4, 5, snd 6, respectively, the variations with Mach number of
lateral center-of-pressure position, cross-wind-force psrsmeter CC/~, and
rold.ing-moment-curveslope for all six configurations at constsnt angles
of attack and sideslip. In the limiting case of @ = 0° shown in figures
k(a) and 5(a), the values of cross-wind-force parameter and lateral center
of pressure were evaluated by taking the slopes of the cross-wind-force
and yawing-moment curves at ~ = Oo.

Particularly noticeable was the forward position of the lateral
center of pressure (fig. 4), indicative of static directional instability
for W the model configurations at all sideslip sngles, angles of attack,
and Mach numbers of the investigation. These lateral centers of pressure
were significantly farther forward than were the corresponding centers of
lift shown in reference 1. A probable explanation of this stems from the
different potential-flow interference effects in the two cases, as shown

. in the later section entitled “Comparison with Available Theory.” common
to all.the configurations was the general tendency of the lateral center
of pressure to move forward as Mach number was increased from 0.6 to 1.2,.
followed by a rearwerd movement as Mach number was further increased to
the test limit of 1.4. For all the configurations, the variations of
cross-wind-force parsmeter CC/i3 with the flow vsriables (fig. 5) were
similar. The general trend of this psmmeter was to become more negative
W3th increasing Mach number, this effect becoming slightly more pronounced
with ticrease in sideslip angle and angle of attack. Positive dihedral
effect (negative Cz ), indicative of static stability in roll, was evi-

!dent throughout the ange of flow variables for all.the configurations,
as shown in figure 6. Although the dihedral effect was very small at
a = Oo, it increased markedly with angle of attack. In comparison, the
changes in C?zP with Mach number sad angle of sideslip were relatively
slight.

FYominent features of the results showm in figures 4 to 6 are the
deviations of most of the curves at Mach numbers from about 1.0 to 1.1.
These deviations sre attributed entirely to the reflection of pressure
waves back onto the mcilelfrom the tunnel wsll.s. Similar, but considerably
smaller deviations were noted in the longitudinal data of reference 1.
The most probable eqlanation for the fact that the deviations in the
lateral data are larger is that, in the case of the lateral-directional
measurements, the outbosrd bodies were closer to the reflecting walls
than in the case of the longitudinal measurements.



Effects of Relative Body Length

Relative body length, or the axial disposition of model volume,
had no significant effect on the over-all la$ersl-directional character-
istics as indicated by an examination of figures 4 through 6. For the
more slender configuration 3, however, there was less vsriation of both
center-of-pressure travel snd cross-wind-fabce parameter between Mach
numbers 1.0 smd 1.1 (the range in which it was possible for wall-reflected
shock waves to impinge on the models) than was apparant for configurations
1 and 2.

—.

A noticeably lower drag rise from subsonic to supersonic Mach numbers
was also evident for configuration 3 as indicated in the basic data
(fig. 3) and discussed in detail in reference 1. The incranental differ-
ence in drag between models remained essentially constant with vsriation
of sideslip angle.

Effects of Seals Between Bodies

The effect of sealing the gaps between the cylindrical portions c&
the bodies was generally not large and was not completely consistent, but
certain trends were discernible. Addition of seals generally tended to
cause a slight rearward shift of the lateral center of pressure (fig. 4),
as contrasted with the slight forward shift in the center of lift shown in
reference 1. In the present case, addition_of seals slso generally tended
to cause an increased positive dihedral effect as indicated in figure ‘6.
The cross-wind-forceparameter (fig. 5) had generally similar values and
characteristicsfor corresponding sealed and unsealed configurations,-
except for configurations 1 and 1S
angles of attack.

Comparison With

at small sideslip

Available Theory

angles-and mcderate _=

As in the case of the longitudinal characteristics of these con-
figurations (ref. 1), it is’of some interest to know how the experimental
results compare with results calculated by available theoretical methcds.
In the absence of smy lmown solution for the potentisl flow about yawed
multiple-body configurations of the present type, the vslues of cross-
wind force and yawing moment were calculated neglecting interference.
The method employed the slender-body theory of references 7 and 8 for the
potential loads on the nose cones and the viscous crossflow theory of
reference 9 for the loads on the cylindrical bodies, in a manner analogous
to the calculations of lift and pitching mament in reference 1. The
assumption was made that viscous cross forces act only on the cylindrical -
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portions of the models, smd these loads were
coefficients of two-dimensional cylinders of.

7

calculated using the drag
oval section (ref. 10) as

E

an appraimation to the crossflow drag coefficient of the triple-body
model. The two-dimensional drag coefficients (0.3 for the triple body
end 1.2 for the single body) were corrected for finite cylinder length as
in reference 9.

In figure 7, typical cross-wind-force and yawing-moment results for
configuration 1 are canpared with values calculated using a combination
of slender-body and viscous crossflow theory as well as slender-body
theory alone. These comparisons indicate that calculation by either of
these methods seriously overestimates the magnitude of both the cross-
wind force and yaw5ng moment of triple-bdy configurations. In the
present case, as in reference 1, it is of help in exanining these differ-
ences to show a similar comparison of experimental md calculated results
for a single body of confi~ation 1. Such a cmparison in figure 7 indi-
cates generally good agreement of calculated cross-wind force and yawing
moment with the experimental single-body results. For the triple-body
configuration, however, the lack of agreement between the experimental and
calculated curves can be attributed mainly to their differences in initial
slope. The initial slopes of the calculated curves are obtained frmn the
slender-body potential.theory and, h coefficient form, we identical for
single or multiple bodies when interference is neglected. Taken together,
these facts indicate that potential-flow interference between adjacent
cones probably caused the lack of agreement between experimental and
calculated results for the triple-body configuration.

Investigation of the longitudinal characteristics of these triple-
b~y models (ref. 1) indicated that potential-flow interference greatly
increased the magnitudes of both the lift and pitching mcment frcunthose
of three independent bodies. In contrast, the results of the present
investigation show that the effect of interference on the lateral-
directional characteristics was to reduce the magnitudes of both the cross-
wind force and Ya-g moment. Consideration of the flow about closely
spaced parsllel cones yawed in the ccnmnonplane of their sxes indicates
that such an effect of interference should be expected. The forward parts
of the thee cones sre widely spaced relative to the local cone diameters,
so potential loads on these portions should be relatively unaffected by
interference between cones. However, over the rearward portions of the
cones, where the greati psrt of the potentisd.loading occurs, the cone
diameters become increasingly large relative to their spacing. This can
lead to reduction in the magnitude of the cross-wind force on the rearwsrd
part of the cones, since adjacent surfaces on yewed psrallel cones tend to
have pressure coefficients of opposite sign. In the present case, the
resulting forward shift in center of lateral pressure was more than ccnn-
pensated by the lsrge decrease in cross-wind force, resulting (fig. 7)
in yawing moments
ing interference.

much smaller in magnitude

J.&~

th those calculat&d neglect-
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CONCLUSIONS
.

The results of an experimental investigation of the lateral-
directional aerodynamic characteristics of several coplanar triple-body

.

missile configurations lead to the following conclusions:

1. All model configurations tested had lateral centers of pressure
located
fsrther
mined.
with an
further

far ahead of the centroid of plan-form area end significsmtly
forward than the corresponding centers d lift previously det~-
The lateral centers of pressure generally tended to move forwmd
increase in Mach number from 0.6 to 1.2, then resrward with
increase in Mach number.

—

2. Cross-wind-force parameter Cc/P tended to become more negative
with increasing Mach number, em effect which becsme more pronounced with
increased emgles of sideslip and attack. —

3. Throughout the range of flow vari~bles, all models were found
to be statically stable in roll. This positive dihedral effect increa~ed .
markedly with angle of attack, but was relatively less sensitive to
changes in Mach number and angle of sidesli~. 9“-=

4. For triple-body configurations having the same average body
length, changes in the lengths of individual bodies had no significant .
effect on the lateral-directional characteristics.

5. Addition of seals between the bodies tended to cause a slight
rearward shift in the lateral center of Press~e ~d ~ increase ~ Posi- . .
tive dihedral effect.

6. Comparison of experimental results @th available theory indi-
cates that, when flow interference is neglected, either slender-body theory ““

—

alone or a coribinationof slender-body and”viscous crossflow theory greatly
overestimates the magnitudes of both cross-wind force and yawing moment. --

Ames Aeronautical Laboratory
National Advisory Committee for Aeronautics

Moffett Field, Calif., Jan. 25, 1957
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